In recent years, the global C cycle has been of increasing concern to many researchers and international communities (Smith et al., 2007; Stockmann et al., 2015) . The global soil C pool is approximately 2500 Gt, which included ?1550 Gt of organic C and 950 Gt of inorganic C. The C pool in soil is 3.3 times the size of the atmospheric pool (760 Gt) and 4.5 times that of the biotic pool (560 Gt) (Lal, 2004b) . Global terrestrial ecosystems fixed C at a rate of 1 to 4 Gt yr −1 during the 1980s and 1990s, offsetting 10 to 60% of fossil fuel emissions (Houghton, 2007; Lemke et al., 2007; Piao et al., 2009) . Hence, terrestrial ecosystems play a pivotal role in global C sinks, due to their high soil C sequestration rates (Stockmann et al., 2015) .
As one of the largest agricultural countries in world, China has contributed greatly to the global C sink in recent years, with a net terrestrial ecosystem C sink between 0.19 and 0.26 Gt yr −1 , which was slightly smaller than values in the United States and similar to those of Europe (Pacala et al., 2001; Janssens, 2003; Piao et al., 2009 ). According to the Second State Soil Survey of China (SSSSC), cropland covered 138,745,000 ha, or 14.46% of China (SSSSC, 1997) , and China had an arable land area of 142,600,000 ha, which was ?7% of the global total, by 2006 (Pan et al., 2010) . Compared with natural soils, soil organic C (SOC) content in agricultural soils was more sensitive to global C cycling and more easily affected by natural factors (e.g., climate, topography, and soil type) and agricultural practices (e.g., fertilization and tillage). The SOC change in agricultural soils has had an important influence on soil fertility and the C cycle (Huang and Sun, 2006; Wei et al., 2010) . Analysis of variation trends of SOC is also important to understand the processes and mechanisms of terrestrial ecosystem C balance (Pan et al., 2010) . This, in turn, was significant for increasing soil fertility and promoting crop growth. Thus, studies of SOC content and sequestration are important to promote sustainable development of agriculture. During the last decades, large numbers of scientific projects have been approved to research variability of SOC in croplands around the world. Li (2000) predicted that agricultural lands in the United States were gaining SOC at a rate of 72.4 Tg C yr −1 and agricultural lands in China were losing SOC at a rate of 73.8 Tg C yr −1 via a biogeochemical model (denitrification-decomposition model [DNDC] ), according to 1990 data for climate, soil properties, crop types, acreage, and crop management at the county scale. Huang and Sun (2006) revealed that the concentration of SOC increased in 53 to 59% of the national croplands, decreased in 30 to 31%, and stabilized in 4 to 6%, respectively, from analysis of literature databases from the 1980s to 2006. Some other related studies indicated that SOC declined in some croplands of southwestern China and suggested that agricultural soil in China had lost 30 to 50% or more of the original SOC pool (SOCP) due to degradation (Lal, 2004a; Liu et al., 2015) .
Although many researchers have made great efforts to reveal SOC changes at the regional scale, results have been conflicted. Significant increases in SOC have occurred in eastern and northern China, and SOC has decreased in northeastern China (Huang and Sun, 2006) . Spatial variabilities of SOC at large regional scales have usually been estimated by process-based models , and field sampling has rarely been used. In addition, a sampling method with full area coverage, such as a grid or random sampling method, was used in most studies, which distributes sampling points uniformly throughout the survey region. However, these methods might introduce uncertainty errors; for example, the weights of main soil types would be underestimated if unrepresentative samples were collected, such as if wasteland or newly cultivated land was sampled to estimate agricultural SOC. Moreover, a sampling method with full area coverage in a large region is inefficient and time and labor consuming in the field. In this paper, the method of multi-classification units union sampling (MUSS) was used to evaluate spatiotemporal variability of SOC in cropland. Soil types, crop rotation patterns, and land use types were used as factors to choose four representative counties in Henan, a typical agricultural province of China. Henan is located in the middle of China and is an important food supply area in China, which contributes ?10% of the food in China. As one of the largest grain producing provinces in China, the change of SOC in Henan cropland is great significance to the improvement of farmland fertility and grain production in this region, as well as to the C sequestration and food security in China's farmland. Therefore, a study on cropland C reduction will be of equal importance to regional agricultural development and mitigation of climate warming using the MUSS method in Henan Province.
Furthermore, increased SOC was closely related to amendments with crop residues and organic manure, synthetic fertilizer application, soil properties, and geography (Huang and Sun, 2006; Fang et al., 2007; Hou et al., 2007; Liao et al., 2009; Xu et al., 2012; Zhang et al., 2016) . Confirmation of the key factors influencing SOC is important for controlling C emissions and enhancing cropland fertility. Climate, soil properties, and agricultural practices were proven to be the most important influential factors for C sequestration in cropland (Wei et al., 2010) . However, influencing factors varied by region because of spatial heterogeneity. There have been relatively few studies in Central China, the largest grainproducing area of China. Studying influential factors for SOC in this area would have a positive impact on improving soil fertility and reducing C emissions. Henan is a major agricultural province with nearly 7% of all Chinese farm land. Therefore, Henan Province was selected to study the spatiotemporal variability of SOC and analyze related factors in soil C changes in cropland.
To quantify spatiotemporal variability and key influential factors in cropland SOC in Henan, the main objectives of this study were as follows: (i) to explore the spatiotemporal variability of SOC density (SOCD), (ii) to identify the key factors influencing SOCD, and (iii) to reveal SOC sequestration potential.
Materials and Methods

Description of the Study Area
Henan Province (31°23¢-36°23¢ N, 110°21¢-116°39¢ E) is located in the Yellow River basin of Central China, with an area of 1,670,000 km 2 (Fig. 1) . It is in the transitional zone from warm temperate to subtropical, characterized by a humid and semihumid continental monsoon climate. The average annual temperature is 12 to 16°C, whereas the multiyear average precipitation is 500 to 900 mm. Half of the precipitation occurs from June to August. The annual average sunshine is 1328 to 2350 h and the frost-free period is ?180 to 240 d. Henan is the main grain production area in Central China. The crop rotation production system in the region accommodates two crops per year, as a result of its comfortable water and temperature conditions. Agricultural land, construction land, and unused land were the major land use types, and agricultural land occupied 74.25% of the total area (Henan Statistics Bureau, 2011).
Sampling Site Selection and Data Collection
Using the MUSS method, soil types, crop rotation patterns, and land use types were set as the classification units. Because Fengqiu, Yuzhou, Fangcheng, and Huangchuan counties are distributed uniformly on the provincial scale and covered all soil types, cropland types, crop rotation patterns, and geographies, those four counties were selected as typical sampling sites to determine SOC and other physicochemical properties of cropland in 2011 (Fig. 1 ). To fit with the sampling design of the SSSSC, 70 sampling points were determined to collect soil samples, and those sampling sites were distributed uniformly according to soil type in each county; that is, the number of sampling points in a certain type of soil was positively proportional to this soil area. Soil organic C and p. 3 of 10 pedological map data were obtained from the SSSSC, which was conducted by local soil survey offices in 1981 (SSSSC, 1997). A total of 5026 samples were analyzed to determine SOC content, soil granulometric fraction, pH, and bulk density, which were published in a series of monographs for each of the four counties (Fengqiu Soil Investigation Office, 1984; Yu County Soil Investigation Office, 1981; Nanyang Soil Investigation Office, 1984; Xinyang Soil Investigation Office, 1982) .
Recent soil information was collected from the four counties in 2011. Geographical coordinates and elevation of sampling points were determined by satellite (handheld) GPS. The collected soil samples and other geographic information were prepared for further analysis. To make the distribution of sampling sites in 2011 consistent with those in the SSSSC, those data with no exact location information in 1981 were extracted from the spatial interpolation diagram using ArcGIS software (Corbin, 2015) .
Sampling and Analysis
The locations of the 2011 cropland sampling sites are shown in Fig. 1 . We collected five topsoil samples from the four corners and the center of a 10-by 10-m square at each site, using a 5-cm-diameter stainless steel soil sampler, and the samples were carefully mixed by hand to form a composite. Undisturbed soils, which were used to measure soil bulk density, were sampled using a cutting ring at the same positions as those described above. All soil samples were transported directly to the laboratory and stored at 4°C before analysis.
The abovementioned soil samples were gently broken apart along natural break points and passed through an 8-mm wire filter. Plant and organic debris in the sieved soil was carefully removed with forceps. After thorough mixing, half of sieved subsamples were used for soil particle-size analysis. Another subsample was air dried and used to determine SOC concentration and pH. Soil organic C content was determined using the potassium dichromate heating method (Carter and Gregorich, 2006) , and pH was measured by potentiometry with a pH meter (Carter and Gregorich, 2006) . Soil particle size was obtained using the pipette analysis method with three physical fractions of clay (particle size < 0.002 mm), silt (fine and coarse particles 0.02-0.002 mm), and sand (fine and coarse particles 2-0.02 mm) (Lu, 1999) . In addition, soil bulk density was determined using the cutting ring method (Lu, 1999) . The methods of sampling and soil physicochemical property determination used in 2011 were the same as those used in 1981 to reduce measurement errors (Carter and Gregorich, 2006) .
The SOCD(Mg ha −1 ) of a single layer was calculated with the following equation (Pan et al., 2004) :
where SOC is the soil organic C concentration (g kg −1 ), r is the soil bulk density (g cm −3 ), H is the thickness (cm) of the soil layer (20 cm in this study), and d 2mm is the volume fraction (%) of >2-mm particles in the soil (assumed to be zero, as the value is negligible in most top soils). The above parameter data were sampled in the field in 2011 and extracted from spatial interpolated graphs based on the SSSSC according to sampling position in 2011. The SOCP in different soil types covering different areas was calculated as
where SOCP represents the SOC pool in the region (Mg), n is the number of all soil types, S i is the area of a certain soil type (ha) across the four counties, and SOCDi is the mean value of SOCD within this soil type area (Mg ha −1 ). 
where SOCS is the SOC level at saturation (Mg ha −1 ), MT is the mean annual temperature (°C), MP is annual total water input that is a sum of mean annual precipitation and irrigation (100 mm), and CL and pH represent the soil clay (<0.002 mm) fraction (%) and pH value, respectively. Using SOCD in 2011 as a reference, the SOC sequestration potential per unit area (DSOCD) in cropland was calculated as DSOCD = SOCS − SOCD 2011 [5]
Statistical Analysis
Distribution maps of SOCD change rates were obtained based on an inverse distance weighted method via ArcMap software (Corbin, 2015) . One-way ANOVA and univariate ANOVA were conducted to analyze the effects of influential factors on SOC preservation and sequestration, respectively, via SPSS Statistics 19.0 (IBM Corporation, 2010). One-way ANOVA was used to compare SOCD and SOC in different elevations, terrains, soil types, and soil textures using the LSD test. Univariate ANOVA was assessed to identify the effects of influential factors including bulk density, elevation, terrain, groundwater table, pH, soil type, clay content, and soil texture on SOC preservation at the 0.05 significance level (Smith et al., 1997) .
Results
Descriptive of Soil Organic Carbon Content and Soil Organic Carbon Density Statistics
Measured parameters for SOCD and SOC content in 2011 were higher than in 1981, except for minimum SOC and CV. Compared with the changing CV of SOC from 1981 to 2011, there were no obvious differences for SOCD between 2011 and 1981 (Table 1 ). These analyses indicate that SOCD is more sensitive for reflecting dynamic changes of C in cropland than SOC. Therefore, it might be more reasonable to use SOCD to evaluate soil C spatiotemporal variability and related factors instead of SOC in this study.
Analysis of Variance of Soil Organic Carbon Density at Different Elevations, Terrains, and pH
Elevation gradients were divided into five groups according to the sampling point distribution: 0 to 50, 50 to 100, 100 to 200, 200 to 300, and 300 to 500 m. The SOCD values for the five groups in 1981 and 2011 are presented in Fig. 2 . The SOCD values were significantly different between different elevation gradient groups at the significance level of 0.05. The SOCD decreased steadily as the elevation increased in 1981, whereas the data for 2011 had a general increasing trend with some variation. The average SOCD in 2011 was higher than that in 1981. The variation in SOCD for topography represented by plains, hills, and basins was different from the pattern for elevation in 1981 (Fig. 3) . The average SOCD value for plains was similar to that for hills, but lower than that of basins in 2011, whereas the SOCD in plains was higher than in basins but lower than in hills in 1981.
Relationships between pH, groundwater table, and SOCD (Fig. 4) showed that SOCD was positively correlated with pH until the content of SOCD was balanced when pH was >8 in 2011, whereas the content of SOCD peaked when pH was 6.5 in 1981. The relationship between groundwater table and SOCD changed significantly from 1981 to 2011 (Fig. 4) . The linear dependent relationship between groundwater table and SOCD changed from negative to positive. 
Soil Organic Carbon in Different Soil Types
Because SOCD is affected by soil properties, particularly soil type and soil texture, it was necessary to identify SOCD for different soil types (Abu-hashim et al., 2016; Schulp and Verburg, 2009; Tan et al., 2004a Tan et al., , 2004b . The SOCD in the study area varied widely for all soil types according to one-way ANOVA ( Table 2) . In 1981, Anthrosols had the highest SOCD value. Luvisols and semihydromorphic soils presented relatively lower values, whereas the SOCD of Inceptisols was the lowest. In 2011, however, semihydromorphic soil had higher SOCD content than Luvisols and Anthrosols, whereas Inceptisols had the lowest SOCD. The average SOCD ranges were also calculated and were 16.03 in 1981 and 9.81 in 2011, respectively.
The SOCP values for various soil taxa were also estimated according to Eq. [2] (Table 2) , and the calculated values differed widely in different soils: semihydromorphic soil had the highest content, followed by Luvisols, Anthrosols, and Inceptisols, in both 1981 and 2011. The increment of SOCP was between 31.39 and 512.19% from 1981 to 2011, and there was a similar steady increasing pattern among the four soil taxa compared with SOCD. Inceptisols had the highest increment, followed by Luvisols and semihydromorphic soil, and the smallest increase in percentage was measured in Anthrosols. In summary, temporal variability of SOCD and SOCP was very high in the study area.
Variations in SOC were tested using one-way ANOVA by grouping data into loam, clay loam, or loamy clay according to particle size composition of soil (Table 3 ). The SOC and SOCD increased steadily with higher percentage composition of clay. Thus, clay content correlates positively with SOC and SOCD. Furthermore, SOC content improved greatly from 1981 to 2011. Both soil type and soil texture are potential influential factors for C variation in cropland (Pan et al., 2004; Brahim et al., 2014; Zhang et al., 2016) .
Discussion
Soil Organic Carbon Density Change Rates and Potentials of the Four Typical Counties
Fengqiu and Yuzhou Counties presented strong C sinks, followed by Fangcheng County, whereas almost half of Huangchuan County lost C, according to interpolation results (Supplemental Fig. S1 ). As a whole, SOCD in croplands in the study area increased, despite minor regions of lost C. Additionally, mean annual C fixation rates exhibited a north-south gradient in Henan Province, according to spatiotemporal variability in the four counties. Although crop rotation systems were similar, possible reasons for spatial variations in SOCD rate might include climate patterns; the southern region belonged to the northern subtropical climate zone, whereas the north-central region was a typical warm temperate zone, and thus air temperature and precipitation progressively increased from north to south. Rising air temperature greatly enhanced soil C emissions, which led to soils becoming C sources (Zhang et al., 2002) . Therefore, air temperature affected C sinks to some extent, but the effect on soil C from natural precipitation compared with manual irrigation is still unknown, and the possibility of other human-related causes of spatial variations cannot be excluded.
Soil organic C sequestration potential, which refers to holding capacity under local circumstances, was vital to work out relevant measures regarding CO 2 reduction. The DSOCD declined gradually with increased SOCD to a new steady state, and DSOCD became zero when SOCD increased to a certain value. Assuming that land use types, soil management measures, and climate conditions remained unchanged, the future new steady-state points of SOCD for Fengqiu, Yuzhou, Fangcheng, and Huangchuan Counties were 59.82, 53.8, 61.41, and 58.1 Mg ha −1 , respectively (Supplemental Fig. S2 ). Greater SOC accumulation potential will occur under current soil management measures if the initial value was below the future new steady state. On the contrary, negative SOC growth might occur if current soil management measures were maintained, where the initial value was higher than the future new steady state. In such cases, traditional cultivation methods or soil management measures should be changed to reduce C emissions and increase C sink capacity (Han et al., 2005; Zhou et al., 2015) . To provide a more intuitive understanding of SOCD variation tendencies for the study area, spatial distributions of SOCD sequestration potential were mapped by the inverse distance weighted method described above (Supplemental Fig. S3 and S4) . The distributions map of the SOC sequestration potential showed that the four counties presented strong C sequestration potential. It is not hard to see that almost all croplands in the four counties are currently in a growth period for SOCD. As a result, the study area was a strong C sink in the 30 yr from 1981 to 2011 and has great potential for C sequestration in the future. If done properly, the region will continue to show strong C sequestration in the four typical counties.
Effects of Geographic Features on Soil Organic Carbon Density
In general, SOC in cropland is strongly affected by topography as a result of the heterogeneity of terrain (Pabst et al., 2013; Spielvogel et al., 2016) . Possible influencing factors might include temperature, moisture, atmosphere, and other elements (Tsui et al., 2013; Liu et al., 2015) . Those related factors together influenced the soil microenvironment and thus indirectly affected soil C cycling. Correlation analysis, however, showed no significant correlations between SOCD and terrain, although the differences in SOCD for different terrains were significant (Supplemental Table S1 , Supplemental Fig. S1 ). This might be because the study area belonged to the same climatic zone, and temperature and Fig. 4 . Relationships between pH, groundwater table, and soil organic C density (SOCD). Table 2 . Estimation of topsoil soil organic C density (SOCD) and soil organic C pool (SOCP) using the taxonomic approach. moisture were similar across the whole region throughout the year. Therefore, terrain should not be considered a key influential factor in the study area.
In this research, the relationship between SOCD and elevation was widely divergent in different periods. The SOCD decreased with increasing elevation (from flatlands to hills or basins) in 1981, whereas it presented contrary results in 2011. According to local agricultural practices in 1981, the SOCD values at high elevations were lower because of excessive soil C depletion with limited fertilizer or irrigation supply, whereas manure and water were applied in flatland croplands (Yu County Soil Investigation Office, 198; Xinyang Soil Investigation Office, 1982; Fengqiu Soil Investigation Office, 1984; Nanyang Soil Investigation Office, 1984) . Fertilization and mechanical technology was applied extensively to flatland croplands from 1981 to 2011, although it was rarely applied in hills and basins (Henan Statistics Bureau, 2011) . Thus, SOCD increased steadily at low altitudes from 1981 to 2011. The relationship between SOCD and elevation reflects the effects of human factors on SOCD in cropland.
Many studies have identified that the groundwater table plays an important role in soil water content and is essential to form a comfortable environment for soil microbiology (Buckau et al., 2000; Powell, 2008) . As a result, microorganism activity accelerates SOC decomposition rate. Furthermore, there is a significant correlation between the groundwater table and soil nutrients in wetlands (Xie, 2003; Liu et al., 2008; Li et al., 2011) . However, few researchers have reported on the relationship between SOCD and the groundwater table in irrigated cropland. Therefore, one-way ANOVA between SOCD and the groundwater table was conducted in this study. The results showed significant differences (p < 0.05, Table 3 ), and that correlations between SOCD and the groundwater table were significant. Changes in the groundwater table affect soil bulk density and pH directly and restrict SOC decomposition; consequently, SOCD was widely influenced by the groundwater table.
Effects of Soil Properties on Soil Organic Carbon Density
Soil properties are closely related to soil parent material and pedogenic processes as expressed by soil types, which play an important role in SOCP (Tan et al., 2004b ; Catoni et al., 2016) . Soil physical and chemical properties are important influential factors on SOC (Abu-hashim et al., 2016; Xu et al., 2016) . Bulk density, soil type, soil texture, pH, and other properties were considered as factors when evaluating the soil C sink and loss of cropland. Wei et al. (2010) also used physicochemical properties as the primary parameters to study the mechanism of SOC sequestration in agricultural fields. Their results showed that SOCD was greatly influenced by soil properties, based on a comparative analysis of research data. Pan et al. (2004) used a regression equation between soil bulk density and SOC content to estimate pool and sequestration potential of SOC in rice (Oryza sativa L.) paddy soils. Yan et al. (2011) studied the relationship between SOC and soil bulk density in a karst ecosystem in Guizhou with an empirical equation and demonstrated the accuracy of the final result. Although the relationship between SOC content and bulk density has been reported on by some researchers, it is uncertain whether empirical equations deduced by previous scholars are universally suitable (Qin et al., 2013) . The relationships between soil bulk density and SOCD exhibited positive correlations in our statistical analysis. Soils with high bulk density contain more clay particles than less dense soils, and clay particles are beneficial for forming occluded particulate organic C in organo-mineral aggregates (Freixo et al., 2002; Wei et al., 2010) . Therefore, it is reasonable that soil bulk density is closely related to SOCD. Soil bulk density should be considered as an influential factor for SOCD.
The diversity of geographical zones in the study region produces different soil types, and moisture, temperature, and vegetation characteristics of the different zones caused the decomposition, compounding, and deposition of organic C in soil. Farming activities directly influence input and output of soil C, and thus those human activities affect the fertility of cropland (Wei, 1979) . In this study, the variation of SOCD in different soil types was significant (p < 0.05), and SOCD improved widely from 1981 to 2011. The remarkable improvement might be related to widespread chemical or organic fertilizer use and other material applied to cropland, especially the application of scientific farming (Henan Statistics Bureau, 2011) . Soil texture is also important as an influential factor of SOCD Xu et al., 2016) . Increased fine fraction amounts improved mineral-associated organic C content, which is important for SOC persistence and sequestration . Decomposition rates of soil C in high-clay soils were lower than rates for low-clay content soils under the same environmental conditions . Our results also showed that soil type and texture are closely related to SOCD rate. Therefore, soil type and texture must be considered when discussing the preservation and sequestration of SOC in cropland of Henan Province. 
Analysis of Effects of Related Factors on Soil Organic Carbon Density
Previous studies have identified topography, moisture, temperature, soil properties, and other anthropogenic factors as f influential factors of soil C that might involve in cropland (Schulp and Verburg, 2009; Liu et al., 2011; Chuai et al., 2012; Xin et al., 2015) . For example, Liu et al. (2006) analyzed factors related to spatial distribution of SOC from 354 cropland sampling locations in northeastern China. Liu et al. (2015) analyzed effects of land use type and topography on SOC spatial distribution and content in a mountainous region of southwestern China. In 2012, Xin et al. (2015) studied the dominant influential factors for spatial variation of SOC at 180 topsoil sampling sites from a hilly watershed in the Loess Plateau of western China. However, there have been fewer studies about variation of SOC and its influential factors in Henan, the most agricultural province in China. Our work addresses this lack.
To clarify the relationships between SOCD rate and influential factors, correlation analysis was applied. The results indicate that soil type, bulk density, pH, elevation, groundwater level, returning straw, and fertilization correlate significantly with SOCD rate in Henan Province in the period from 1981 to 2011 (p < 0.01), whereas soil texture presented significant correlation only at the p < 0.05 level, and there was no significant correlation between terrain and SOCD rate. Terrain is relatively homogeneous in the research area and plains are dominant, supporting the validity of the correlation analysis results. Given the above analysis, we conclude that soil type, bulk density, pH, elevation, groundwater level, returning straw, and fertilization are primary factors for further study, and terrain can be regarded as a reference factor in the study area.
Furthermore, analyses between SOCD rate and related influential factors individually were insufficient to determine the contribution of key factors to C sequestration. Although the key influential factors for SOCD rate were unclear, it is essential to quantify their effects by univariate ANOVA. Bulk density, pH, terrain, elevation, and groundwater level were defined as structural factors, whereas returning straw and fertilization were classified as random factors (Xv et al., 2009; Supplemental Table S2 ). The statistical analysis showed that bulk density, pH, and returning straw were reached a significant level (p < 0.05), and that the partial h 2 was 39.2% for bulk density, 63.18% for pH, and 29.1% for returning straw. This result revealed that bulk density, pH, and returning straw could be treated as key influential factors to C sequestration, which could explain 39.2, 63.18, and 29.1% of the total variance in SOCD rate, respectively. Thus, bulk density and pH can be considered leading structural factors.
Although structural factors, which originate from nature and do not change much within a short period, did greatly affect SOCD rate and thus sequestration, random factors should not be neglected because they can improve SOC preservation and soil fertility in a short time (Piao et al., 2009; Chuai et al., 2012) . In this study, random factors of returning straw, which were a direct result of human activity, explained 29.1% of the total variance in SOCD rate. Application of crop residues and other organic and inorganic inputs are controllable factors for maintaining soil fertility and C sink capacity (Yadvinder-Singh et al., 2004; Cai and Qin, 2006) .
We conclude that some structural factors restrict changes in SOCD rate to a great degree, whereas random factors (e.g., returning straw) can be used to improve cropland productivity and C sink capacity within a short period, if is the process is properly and scientifically managed by humans.
Conclusions
This study revealed high spatial and temporal variability in SOCD for different topography and soil properties from 1981 to 2011, according to statistical analysis and GIS techniques. In short, there is an increasing trend of SOCD at this timescale. Cropland was shown to be a remarkable C sink in the past 30 yr with great potential for C sequestration in the future.
Soil type, bulk density, and pH played the most important roles in controlling SOCD rates in the study region. The statistical results also revealed that structural factors (soil type, soil texture, bulk density, pH, terrain, elevation, and groundwater level) accounted for 62.50% of the total variances in SOCD rate and that random factors (returning straw and fertilization) accounted for only 12.5%, but random factors should be regarded as the most effective measure to improve SOC of cropland within a short period. Thus, this conclusion might be used, in turn, as essential data to understand soil fertility and to formulate policies for addressing climate change.
Supplemental Material
The supplemental material includes figures of SOCD rate distribution, the relationship between SODC in 2011 and DSOCD, SOC sequestration potential distribution, the distribution map of soil types, soil texture, terrain, bulk density, pH, elevation, groundwater table, and returning straw and fertilization across the four counties in 2011. In addition, the correlation coefficient matrix between SOCD rate and related factors, and the variance analysis of different influential factors on SOC sequestration rate, were also included. The dataset for this article is also available (Zhang et al., 2018) .
